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ABSTRACT 


Methods  are  described  for  assaying  the  fluoride  content 
of  ashed  samples  of  plant  and  animal  tissues.  Using  the  Hall  method, 
submicrogram  quantities  of  fluoride  were  measured  and  a  new  procedure 
was  devised  to  measure  fluoride  in  a  1  to  8  microgram  range.  Modifi¬ 
cation  of  the  Weinstein  procedure,  in  which  an  AutoAnalyzer  is  used, 
permitted  rapid  and  semiautomated  analysis  of  samples  containing  2.5 
to  100  micrograms  of  fluoride. 
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SECTION  I 


INTRODUCTION 


The  determination  of  the  fluoride  content  of  tissues  from 
organisms  exposed  to  inorganic  fluorides  aids  in  establishing  mech¬ 
anisms  of  toxicity  and  chemical  damage  by  these  agents.  Methods 
for  the  rapid  analysis  of  fluoride  ion  are  needed  in  the  determination 
of  the  concentrations  of  inorganic  fluorides  in  air  atmospheres  since 
analysis  of  the  atmospheres  prior  to  exposure  of  biological  materials 
to  these  atmospheres  is  very  advantageous.  In  addition,  instrumental 
monitoring  techniques,  such  as  infrared  spectroscopy  and  gas  chroma¬ 
tography,  depend,  in  part,  on  an  accurate  sampling  and  chemical 
analysis  of  the  inorganic  fluoride -air  atmospheres.  Methods  for 
fluoride  analysis  were  numerous  but  many  of  these  methods  are  slow 
or  unsuitable  for  measurement  of  microgram  and  nanogram  quantities 
of  inorganic  fluorides. 

The  variability  of  normal  fluoride  levels  in  plant  tissues 
and  soft  tissues  of  animals  appears  to  be  due  in  part  both  to  the 
relatively  low  concentration  of  this  element  in  such  tissues  under 
normal  conditions  and  to  the  considerable  difficulty  of  quantitative 
recovery  of  fluoride  during  ashing  and  subsequent  analytical  pro¬ 
cedures.  Thus,  the  preparation  of  biological  samples  for  fluoride 
analysis  requires  special  techniques  such  as  ashing  and  alkali  fusion 
(ref.  1),  sodium  peroxide  combustion  (ref.  2),  oxygen  combustion 
(ref.  3,4,  5,6)  or  perchloric  acid  treatment  (ref.  7).  After  a  suit¬ 
able  treatment  procedure,  the  fluoride -containing  sample  must  be 
processed  to  separate  fluoride  from  other  ions  which  interfere  with 
subsequent  colorimetric  or  titration  methods.  The  separation  is 
most  commonly  accomplished  by  distillation  from  perchloric  acid 
using  the  classical  Willard-Winter  procedure  (ref.  8)  or  some 
modification  of  this  method  (ref.  9).  Other  distillation  procedures 
(ref.  10,  11),  microdiffusion  (ref.  7,  12,  13,  14,  15),  and  ion-exchange 
chromatography  (ref.  16,  17)  have  also  been  employed. 

The  method  described  by  Hall  (ref.  14)  for  the  accurate 
determination  of  submicrogram  amounts  of  fluoride  involves  a  direct 
color  reaction  of  fluoride  ion  with  alizarin  complexone.  The  method 
was  shown  to  be  suitable  for  the  determination  of  fluoride  in  biological 
materials.  The  range  of  concentration  of  fluoride  ion  needed  for  repro¬ 
ducibility  of  analysis  was  0.  1  to  1.  0  pg/sample.  This  method,  however, 
is  not  a  rapid  one  since  a  diffusion  time  of  24  hours  is  necessary  to 
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separate  the  fluoride  ion  from  other  salts  prior  to  analysis.  During 
the  course  of  our  work,  we  have  utilized  a  combination  of  the  Hall 
diffusion  procedure  and  the  alizarin  complexone  reagent  of  Weinstein 
to  provide  a  new  analysis  procedure.  The  new  method  permits  deter¬ 
mination  of  fluoride  in  samples  containing  up  to  6  pg  fluoride /sample. 

Weinstein  et  al.  (ref.  18)  described  a  rapid,  semiautomated 
procedure  for  the  analysis  of  fluoride  in  air  and  plant  tissue  samples. 
This  procedure  was  based  upon  the  use  of  the  Technicon  AutoAnalyzer 
and  the  lanthanum-alizarin  complexone  color  reaction.  The  method 
is  a  comparatively  rapid  one  since  analytical  data  on  ashed  samples 
can  be  obtained  in  approximately  13  to  15  minutes.  The  rate  of 
analysis  is  10  samples  per  hour,  enabling  use  of  this  method  for  the 
determination  of  fluoride  content  of  air  atmospheres  of  inorganic 
fluorides.  We  found  that  very  reproducible  results  could  be  obtained 
with  samples  containing  2.  5  to  100  pg  of  fluoride  ion. 

SECTION  II 

METHODS  AND  MATERIALS 


Animals 


Rats  used  for  these  experiments  were  male  Sprague -Dawley 
rats  obtained  from  Pacord  Research,  Inc. ,  Portland,  Oregon.  The 
rats  were  maintained  on  Purina  Laboratory  Chow  and  fluoridated  city 
water  (1  ppm)  ad  libitum  until  the  time  of  experiment. 

Preparation  of  Samples  for  Ashing 

For  fluoride  analysis,  tissues  of  animals  or  plants  were 
dried  at  approximately  60°C  by  infrared  lamps  overnight.  One  gm 
of  each  dried  sample  was  placed  in  a  nickel  crucible  with  1.  5  ml  of 
1  N  lithium  hydroxide  and  1  ml  of  0.  2  M  magnesium  succinate.  The 
samples  were  again  dried,  the  crucibles  covered  and  fired  overnight 
at  400°C  in  a  muffle  furnace  equipped  with  an  electronic  temperature 
controller.  This  sample  preparation  procedure  was  used  for  the  three 
methods  of  fluoride  analysis  described  in  this  report. 

Analysis  by  the  Hall  Method 

Reagents 


2 


The  reagents  used  were  of  reagent  or  analytical 
grade.  Distilled  water  which  had  been  passed  through 
an  ion-exchange  column,  Barnstead  Model  DD-1,  was 
used  to  prepare  all  reagents  and  to  carry  out  the  analysis. 

1)  Magnesium  succinate,  0.  2  M. 

2)  Lithium  hydroxide,  1  N. 

3)  Alizarin  complexone  (3-  £.Di(carboxylmethyl)  amino  - 
methyl]]  -1,  2  dihydroxyanthraquinone),  5  x  10 -4M*. 

4)  Silver  perchlorate,  0.  257  N,  with  respect  to  Ag+, 
prepared  by  dissolving  4  gm  silver  sulphate  in 
100  ml  of  70%  perchloric  acid. 

5)  Succinate  buffer,  pH  4.  6,  a  solution  of  0.  4724  gm 
of  succinic  acid  in  50  ml  of  water  and  sufficient 
IN  NaOH  to  adjust  the  pH  to  4.  6,  then  diluted  to  a 
total  volume  of  100  ml  with  water. 

6)  Lanthanum  nitrate,  1x10  M. 

7)  Hydroxylamine  hydrochloride,  1.0  M. 

8)  Buffered  lanthanum-alizarin  complexone  reagent. 

This  reagent  was  prepared  from  30  ml  of  alizarin 
complexone,  50  ml  of  succinate  buffer,  20  ml 
lanthanum  nitrate  solution,  and  25  ml  of  tertiary 
butanol. 

9)  Extracting  solvent  -  The  solution  for  extraction 
was  prepared  from  3  ml  of  hydroxylamine  hydro¬ 
chloride  solution  and  97  ml  of  isobutanol. 

Analysis  Procedure 

A  weighed  quantity  of  the  ash  was  placed  in  a 
volumetric  flask  and  dissolved  in  1  ml  of  0.  5  N  per¬ 
chloric  acid.  If  any  undissolved  ash  remained,  0.  1  ml 
of  70%  perchloric  acid  was  added  and,  when  necessary, 
the  solution  was  warmed  gently.  AJter  adjusting  the 
volume  of  the  ash  solution  to  a  known  volume,  a  1  ml 

*  Obtained  from  Hopkin  and  Williams,  Ltd.  ,  Freshwater  Road, 
Chadwell  Heath,  Essex,  England. 
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aliquot  was  then  placed  in  a  30  ml  polyethylene 
diffusion  bottle  as  described  by  Hall  (ref.  4). 

During  the  diffusion,  hydrogen  fluoride  is  absorbed 
by  a  paper  wick  covered  with  magnesium  succinate. 

To  prepare  the  wick,  a  3  cm  by  1.  2  cm  rectangular 
piece  of  Whatman  541  filter  paper,  which  had  been 
previously  washed  and  dried,  was  impregnated  with 
15  pi  of  0.  2  M  magnesium  succinate,  rolled  into  a 
cylinder  and  fitted  into  a  Teflon  holder  in  the  cap  of 
the  diffusion  bottle.  Two  ml  of  silver  perchlorate, 

0.  257  N,  was  added  to  the  solution  of  ash,  the  cap 
was  then  screwed  on  tightly,  and  diffusion  carried 
out  at  60°  C  for  16  to  24  hr. 

After  the  diffusion  period,  the  filter  paper  wick 
was  removed  from  the  diffusion  bottle  and  placed  in  a 
5  ml  glass -stoppered  centrifuge  tube  containing  2  ml 
of  lanthanum-alizarin  complexone  solution.  The  stop¬ 
pered  tube  was  then  incubated  at  60°  C  for  15  min  to 
allow  color  development  and  then  cooled  to  room 
temperature.  The  fluoride -lanthanum-alizarin 
complexone  was  extracted  first  with  1.  5  ml  and  then 
twice  with  1.  0  ml  portions  of  the  isobutanol-hydroxylamine 
hydrochloride  solution.  After  each  extraction,  the  phases 
were  separated  by  centrifugation  of  the  successive  extracts 
and  pooled  in  a  glass-stoppered  centrifuge  tube.  One  ml 
of  water  was  added  to  the  pooled  extracts.  The  tube  was 
vigorously  shaken  and  cooled  to  0°  C  for  30  min.  The 
phases  were  again  separated  by  centrifugation,  and  the 
isobutanol  fraction  containing  the  blue  complex  was 
brought  to  a  volume  of  4.  0  ml.  The  optical  density  of 
each  fraction  was  measured  on  a  Beckman  DB  spectro¬ 
photometer  at  a  wavelength  of  570  mp . 

A  Combined  Hall -Weinstein  Method  for  Fluoride  Analysis 
Reagents 

1)  Alizarin-complexone,  0.  01  M,  was  prepared  by 

suspending  962.  5  mg  of  alizarin  in  100  ml  of  water 
and  2  ml  of  ammonium  hydroxide  (28%  NH3)  added 
to  dissolve  the  alizarin.  The  pH  of  the  solution  was 
then  lowered  with  2  ml  concentrated  acetic  acid  and 
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the  solution  volume  brought  to  250  ml  with  water. 

The  pH  of  the  final  solution  was  5.3. 

2)  Lanthanum  nitrate,  0.  01  M. 

3)  Sodium  acetate  buffer,  pH  4,  prepared  by  adding 
100  ml  of  concentrated  acetic  acid  to  60  gm  of 
sodium  acetate  •  3^0  in  500  ml  of  water.  The  total 
volume  was  then  adjusted  to  1.  0  1. 

4)  The  lanthanum-alizarin  complexone  reagent  was  com¬ 
prised  of  200  ml  of  water,  200  ml  of  acetone,  50  ml  of 
buffer,  18  ml  of  alizarin  reagent,  and  18  ml  of  the 
lanthanum  nitrate  solution. 

The  Hall -Weinstein  method  was  carried  out  in  the 
same  manner  as  the  Hall  method  through  the  diffusion  step. 
After  diffusion,  the  paper  wick  was  placed  in  a  tube  con¬ 
taining  3  ml  of  fluoride -free  water.  To  this  was  added 
3  ml  of  the  lanthanum-alizarin  complexone  reagent  developed 
by  Weinstein  (ref.  18).  The  mixture  was  allowed  to  stand 
at  room  temperature  for  30  min  prior  to  reading  the  optical 
density  at  610  m|a.. 

Procedure  for  the  AutoAnalyzer  Method 

Ashed  samples  for  fluoride  analysis  are  placed  in  18  x  150  mm 
test  tubes  and  dissolved  in  1  ml  of  2  N  HCIO^  and  then  diluted  with  de¬ 
ionized  distilled  water  to  a  10  or  20  ml  volume.  The  samples  are  placed 
in  every  sixth  position  of  the  large  sampler  shown  in  figure  1.  Interven¬ 
ing  positions  of  the  sampler  rack  are  occupied  by  test  tubes  containing 
distilled  water.  Each  sample  is  pumped  through  a  proportional  pump 
into  the  heated  and  revolving  helix  of  the  Digestor  unit  for  1  min  at  a 
rate  of  4.  7  ml/min.  Air  is  pumped  with  the  sample  at  a  rate  of  0.  82 
ml/min.  Sulfuric  acid  (60%)  at  a  rate  of  1.71  ml/min  is  pumped  con¬ 
currently  into  the  revolving  helix.  The  internal  temperature  of  the 
helix  is  maintained  at  132°  C  as  measured  with  a  thermometer  in  the 
center  of  the  helix.  Hydrogen  fluoride  and  water  vapor  are  evolved 
as  the  sample -sulfuric  acid  mixture  passes  through  the  helix.  The 
evolved  fluoride  and  water  vapors  are  condensed  in  a  water  cooled 
condenser  and  a  portion  of  the  condensate  (1.  0  ml/min)  is  mixed  with 
a  stream  of  the  lanthanum-alizarin  complexone  reagent  (1.  06  ml/min) 
(ref.  18).  Color  development  occurs  as  the  stream  passes  through  the 
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Figure  1.  Flow  diagram  for  semiautomated  fluoride  analysis  by  the 
Weinstein  method. 
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time -delay  coils.  The  sample  is  then  pumped  through  the  flow  colori¬ 
meter  and  the  optical  density  of  each  sample  is  measured  at  a  wave¬ 
length  of  625  mp.  Samples  containing  known  amounts  of  fluoride, 

2.5  to  100  pg/20  ml  sample  volume,  are  used  each  day  for  standards. 
Total  time  elapsed  from  large  sampler  to  readout  by  the  recorder  is 
approximately  13  min. 

Hydrogen  Fluoride  Loss  from  Samples  Dissolved  in  Perchloric  Acid 

The  rate  of  loss  of  fluoride  by  volatilization  from  samples 
dissolved  in  0.  1  N  HCIO4  was  measured.  Ashed  samples  were  dis¬ 
solved  in  1  ml  of  2  N  HCIO4,  diluted  to  20  ml,  and  analyzed  at  vary¬ 
ing  time  intervals  for  fluoride  content  with  the  AutoAnalyzer. 


SECTION  HI 
RESULTS 


Hall  Method 


The  Hall  method  was  found  to  provide  a  linear  change  of 
optical  density  with  fluoride  concentrations  up  to  1  pg  as  shown  in 
figure  2.  The  method  is  time  consuming  and  is  comparable  in  this 
respect  except  for  ashing  to  the  method  of  Singer  and  Armstrong 
(ref.  7).  When  samples  were  sufficiently  diluted  and  analyzed  for 
fluoride  content,  the  results  were  found  to  be  comparable  to  those 
obtained  by  the  AutoAnalyzer  method  as  shown  in  table  I.  We  have 
not  attempted  analysis  for  fluoride  in  unashed  samples  using  the  Hall 
method  in  the  manner  described  by  Singer  and  Armstrong.  However, 
the  two  methods  are  sufficiently  similar  in  the  manner  by  which  the 
hydrogen  fluoride  diffusion  step  is  carried  out  to  indicate  the  Hall 
method  would  be  satisfactory  with  unashed  samples. 

Hall- Weinstein  Method 

The  Hall  and  Weinstein  methods  were  modified  to  achieve  a 
working  range  of  0  to  6  pg  of  fluoride  per  sample.  The  modification 
has  yielded  very  good  results  as  indicated  by  the  standard  curve  shown 
in  figure  3.  The  optical  density  per  pg  of  fluoride  ion  was  found  to  be 
slightly  less  in  the  modified  method  than  that  obtained  with  the  Hall 
method.  Omission  of  the  isobutanol -hydroxylamine  extraction  and 
purification  procedure  saves  a  considerable  amount  of  time  in  the 


7 


0.15 


8 


Figure  2 .  Standard  curve  for  fluoride  analysis  by  the  Hall  method.  A  plot  of  optical  density 
versus  micrograms  fluoride  ion  per  total  sample  after  diffusion. 


Table  I.  Comparison  of  typical  results  of  fluoride  analysis  by  the 
Hall  and  AutoAnalyzer  methods. 


Type  of 
Tissue  Ash 

Milligrams  of 
Ash  Analyzed 

Fluoride  Content  per 

10  mg  of  Ash 

AutoAnalyzer  Method  Hall  Method 

Pea  seed  ash 

10 

8.  0  pg 

10.7  pg 

10 

10 

10.8 

20 

10.5 

20 

10 

40 

11.3 

Bone  ash 

10 

11 

10.  1 

20 

11.  5 

50 

12 

100 

12.6 

Tissue  ash 

10 

10.6 

20 

13.  5 

50 

13.  2 
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Figure  3.  Standard  curve  for  fluoride  analysis  by  the  modified  Hall  method.  A  plot  of  optical  density  versus 
micrograms  of  fluoride  ion  per  total  sample  after  diffusion. 


analysis  after  diffusion.  However,  the  standard  curve  does  not  pass 
through  zero  as  was  found  with  the  Hall  method.  Thus,  sensitivity  is 
reduced  and  the  total  range  has  been  extended  to  more  than  6  Mg  of 
fluoride  per  sample.  The  modified  procedure  has  enabled  us  to  analyze 
many  samples  without  repeating  the  analysis  at  a  lower  concentration 
or  smaller  sample  size.  As  shown  by  the  results  presented  in  table  H, 
excellent  reproducibility  is  indicated  by  this  method  of  analysis.  Com¬ 
parison  of  data  obtained  by  this  method  with  data  from  the  Hall  or  Auto- 
Analyzer  methods  has  shown  good  agreement  in  absolute  values  of  fluoride 
present  in  ashed  samples. 

Weinstein's  AutoAnalyzer  Method 

The  AutoAnalyzer  method  for  fluoride  analysis  is  an  excellent 
method  for  rapid  analysis  of  ashed  samples  containing  2.  5  to  100  H-g  of 
fluoride  per  sample.  The  procedure  utilized  was  essentially  that  of 
Weinstein,  et  al.  (ref.  18),  with  one  important  modification;  all  ashed 
material  and  reference  samples  were  dissolved  in  perchloric  acid  just 
prior  to  analysis.  This  modification  eliminated  clogging  of  pump  tubing 
by  suspended  particles  of  ashed  material.  No  loss  of  fluoride  from 
samples  was  detected  60  minutes  after  being  solubilized.  After  90 
minutes,  it  was  possible  to  show  a  detectable  loss  of  fluoride  and 
after  47  hours,  approximately  17%  of  the  fluoride  was  evolved  at 
room  temperature.  The  insignificant  loss  of  fluoride  within  the 
first  two  hours  after  perchloric  acid  treatment  of  the  samples  made 
it  possible  to  prepare  20  to  30  samples  for  analysis  at  one  time. 

The  reproducibility  of  the  AutoAnalyzer  method  on  repeated 
analyses  of  a  single  sample  is  shown  in  table  HI.  In  figure  4  is  shown 
the  linear  response  in  optical  density  units  to  the  fluoride  content  of 
samples  analyzed  by  this  method.  A  comparison  of  results  obtained 
from  fluoride  analysis  by  the  Hall  and  AutoAnalyzer  methods  is  shown 
in  table  I.  Very  comparable  results  were  obtained  by  the  two  methods. 

Effect  of  Ashing  Temperature  Upon  Fluoride  Recovery 

In  table  IV  are  listed  the  recoveries  of  added  fluorides  from 
samples  of  plant  and  animal  tissues  which  were  ashed  at  400,  500,  or 
600°  C  for  16  hours.  Ashing  at  400°  C  gave  maximum  recovery  of  added 
fluoride  when  compared  to  the  recovery  values  at  500  and  600°  C.  Ashing 
temperatures  below  400°  C  resulted  in  incomplete  combustion  of  both 
plant  and  animal  tissues.  To  further  investigate  the  recovery  of  fluoride 
added  to  animal  tissues,  the  experiment  described  in  figure  5  was  carried 
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Table  II.  Reproducibility  of  Hall -Weinstein  Method. 


Samples  of  various  organ  tissues  from  two  rats  were  dried  under  heat 
lamps.  The  dried  samples  were  then  ground  in  a  Wiley  mill,  trans¬ 
ferred  to  nickel  crucibles  and  for  each  gram  of  dried  sample,  1.  5  ml 
of  1  N  lithium  hydroxide  and  1.  0  ml  of  0.  2  M  magnesium  succinate 
were  added.  After  drying  under  heat  lamps  the  samples  were  ashed 
in  a  muffle  furnace  at  400°  C  for  16  hr. 


Fluoride  Content  (p  g) 

Expressed  as 

M-g/gm 

Type  of 

per 

10  mg  Ash 

Wet  Weight 

Tissue  Ashed 

Rat  A 

Rat  B 

Rat  A 

Rat  B 

Skin 

2.  9* 

6.  1 

12.  0 

25.  0 

2.9 

6.  2 

Digestive 

3.  8 

3.  7 

11.  5 

11.  2 

tract 

3.  7 

3.  5 

Muscle 

0.  3 

0.6 

1.  1 

1.  7 

0.4 

0.6 

Bone 

6.  6 

6.  1 

455.  0 

422.  0 

6.  8 

6.5 

Kidneys 

1.  o 

1.0 

2.  8 

2.8 

1.  0 

1.  0 

Liver 

3.  8 

5.  1 

10.  5 

13.6 

3.9 

5.  2 

Lung 

1.  1 

1.  5 

6.  8 

5.  2 

1.8 

1.  5 

Heart 

1.4 

0.9 

Q  Q 

7  7 

1.  5 

1.  0 

Om  7 

1 

*  Single  analysis  values 
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Table  III.  Reproducibility  of  fluoride  analysis  by  the  AutoAnalyzer 
Method. 

A  solution  of  sodium  fluoride  (40  pg  fluoride  ion  per  20  ml)  in  0.  1  N 
perchloric  acid  was  analyzed  repeatedly. 


Analysis  Sequence 

Optical  Density 

Fluoride  Content 
in  Micrograms 

1 

0.  560 

43.  0 

2 

0.  538 

41.  3 

3 

0.  528 

40.5 

4 

0.  508 

39.  3 

5 

0.  550 

42.  5 

6 

0.538 

41.  3 

13 


1.20 
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MICROGRAMS  OF  FLUORIDE  ION 

Figure  4.  Standard  curve  for  fluoride  analysis  by  the  AutoAnalyzer  method.  A  plot  of  optical 
density  versus  micrograms  of  fluoride  ion  per  20  ml  sample. 


Table  IV.  Effects  of  ashing  temperature  upon  fluoride  recovery. 


Samples  of  dried  and  ground  tissue  were  placed  in  nickel  crucibles, 
treated  with  1.  0  ml  of  0.  2  M  magnesium  succinate  and  1.  5  ml  of  1  M 
lithium  hydroxide  per  gram  dry  weight,  dried  under  a  heat  lamp,  and 
fired  in  an  oven  for  24  hr.  The  known  amounts  of  sodium  fluoride 
were  added  before  ashing. 


Oven 

Temperature 

Tissue 

Fluoride  Added 

M-g 

Fluoride  Found 

M-g 

400°C 

Pea  Seeds 
(1  gm) 

0 

3 

400 

Pea  Seeds 
(1  gm) 

100 

96 

500 

Pea  Seeds 
(1  gm) 

100 

82 

600 

Pea  Seeds 
(1  gm) 

50 

2 

400 

Rat  Liver 
(0.  3  gm) 

0 

13 

400 

Rat  Liver 
(0.  3  gm) 

50 

75 

500 

Rat  Liver 
(0.  3  gm) 

50 

45 

600 

Rat  Liver 
(0.  3  gm) 

50 

14 

15 
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Figure  5.  Analysis  for  added  fluoride  ion  after  ashing.  Fluoride  ion  as  a  sodium  fluoride 

solution  was  added  to  dried  and  ground  liver  tissue  samples  (500  mg  each)  before 
ashing  at  400  C  for  overnight.  Fluoride  analysis  was  performed  on  the  ash  using 
the  AutoAnalyzer  method. 


out.  Low  concentrations  of  added  fluoride  are  recovered  nearly 
quantitatively.  These  results  suggest  that  the  values  found  with 
various  soft  tissues  are  true  values  and  not  a  result  of  variation 
in  ashing  or  analysis.  The  dried  liver  tissue  used  to  obtain  the  data 
shown  in  figure  5  was  obtained  by  pooling  livers  from  4  normal  rats. 
The  fluoride  content  found  without  addition  of  fluoride  was  0.4  pg 
per  gram  of  wet  weight. 

Discussion 


The  analysis  of  fluoride  ion  by  the  methods  described  are 
satisfactory  for  the  determination  of  fluoride  in  both  plant  and  animal 
tissues.  However,  the  concentration  of  fluoride  is  so  low  in  soft 
tissues  of  animals  that  fairly  large  tissue  samples  are  needed  for 
analysis.  For  example,  0.  5  to  1  gm  of  fresh  tissue  is  required 
generally  to  obtain  sufficient  fluoride  to  analyze  by  even  the  Hall 
method.  In  each  determination,  at  least  duplicate  samples  should 
be  run.  The  method  of  Singer  and  Armstrong  (ref.  7)  also  requires 
plasma  or  tissue  samples  of  1  gm  or  larger  for  fluoride  analysis. 

A  considerable  effort  has  been  expended  to  verify  that  each 
step  in  our  fluoride  analysis  procedures  yields  a  quantitative  recovery 
of  added  fluoride  ion. 

Ashing  in  the  presence  of  magnesium  succinate  and  lithium 
hydroxide  was  found  to  prevent  loss  of  fluoride  due  to  volatilization. 

This  fixative  mixture  is  superior  to  either  magnesium  acetate  or 
magnesium  oxide  (ref.  19),  and  in  our  procedure  retains  added 
fluoride  during  ashing  (fig.  5)  as  was  shown  by  Hall  (ref.  14). 

From  a  comparison  of  the  AutoAnalyzer  and  Hall  methods 
(table  I)  the  presence  of  chloride  ion  does  not  greatly  effect  the  results 
obtained  by  the  AutoAnalyzer  method  for  fluoride  content  when  ashed 
samples  of  less  than  50  mg  from  both  plants  and  animal  tissues  are 
analyzed.  The  Hall  method  employs  silver  ion  to  prevent  the  trapping 
of  hydrochloric  acid  during  the  diffusion  of  HF.  The  diffusion  of  HF 
in  the  AutoAnalyzer  Digestor  is  from  a  H2SO4  acid  mixture  and,  there¬ 
fore,  HC1  or  other  volatile  acids  may  diffuse  with  the  HF  water-vapor 
mixture.  Singer  and  Armstrong  stated  that  it  was  not  possible  to  obtain 
reproducible  results  after  diffusion  of  HF  from  unashed  samples  which 
had  not  been  dried  prior  to  the  diffusion  step  (ref.  7).  They  did  not 
attempt  to  identify  the  volatile  substances  which  interfered  with  the 
colorimetric  analysis  of  fluoride  in  the  diffusate.  In  a  limited  number 


of  experiments,  we  have  found  no  detectable  loss  of  added  fluoride 
from  biological  samples  dried  in  the  absence  of  the  magnesium 
succinate -lithium  hydroxide  fixative.  Singer  and  Armstrong  (ref.  19) 
did  not  state  whether  they  examined  fluoride  losses  during  the  drying 
of  biological  tissue  for  subsequent  analysis. 

Soft  tissues  of  rats  have  shown  rather  wide  variation  in 
fluoride  content  (table  II).  For  example,  liver  tissue  from  rats  on 
a  normal  diet  has  been  found  to  vary  in  fluoride  content  from  0.  4 
(fig.  5)  to  13.6  pg  per  gm  of  wet  weight  (table  II).  Singer  and 
Armstrong  have  reported  a  value  of  0.  45  pg  per  gm  wet  weight 
for  the  fluoride  content  in  rat  livers  (ref.  7).  However,  they  did 
not  state  the  history  of  the  animals  used  for  analysis. 
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